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COMPOUND LENS SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a compound lens 

system. In particular, the compound lens system encom 
passes four lenses and is speci?cally used in a handy 
scanner of a computer system for photographing a 
printed object. 

2. Description of Prior Art 
A’ handy scanner is a device coupled via an interface 

to a computer system for photographing a printed ob 
ject into a digital image. As shown in FIG. 1, the handy 
scanner consists essentially of a lens system 1 for photo 
graphing a printed object 3, and a charge coupled de 
vice (CCD) 2 for converting the photographed image 
into a digital image. The digital image can be displayed 
on a graphic monitor (not shown) connected to the 
computer and be further processed. 

Currently available handy scanners are capable of 
providing a resolution power for the digital image in the 
range from 200 DPI to 400 DPI (DPI stands for dot per 
inch). The lens systems incorporated in these handy 
scanners are only capable of photographing a width of 
105 mm (4.13 in) of the printed object into acceptable 
sharpness (this width will be hereinafter referred to as 
the “scanning width”). For objects located outside this 
width of 105 mm, the photographed image thereof is 
blurred enough not to be able to be converted into a 
digital image with acceptable resolution. The blurred 
edge of the photographed image is due to the aberra~ 
tions of the lens system. - > 

A usual design purpose of a scanner lens is therefore 
to cope with the aberration problems such that the 
scanner lens is capable of photographing a wider dimen 
sion of the printed object into sharp image, i.e. offers a 
wider scanning width. 
The scanning width generally can be increase by 

increasing the dimensions of the lenses included in the 
lens system of the scanner. However, for a trend leading 
to small and compact peripheral devices for a computer 
system, a handy scanner with a large dimension is 
mostly unfavorable. 

SUMMARY OF THE INVENTION 

The present invention provides a compound lens 
system for use with a handy scanner capable of produc 
ing a digital image with a resolution of 400 DPI, which 
is capable of photographing a width of 128 mm (5.04 in) 
of a printed object into the digital image. 
The compound lens system comprises four lenses 

arranged in line~up along an optical axis. 
The ?rst lens is a positive lens with a convex front 

surface and a non concave rear surface. 
The second lens is a negative lens with double con 

cave surfaces. 
The third lens is also a negative lens with double 

concave surfaces. 
And the fourth lens is a positive lens with double 

convex surfaces. . 

These four lenses are subjected to the following con 
straints of: 
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1.05 <(f1/f4)< 1.65, 

and 

where _ I 

n; is the radius of the rear concave curvature of the 
second lens; 

r6 is the radius of the rear concave curvature of the 
third lens; 

r7 is the radius of the front convex curvature of the 
fourth lens; 

f; is the focal length of the ?rst lens: 
f4 is the focal length of the fourth lens; and . 
fm is a combined focal length of the ?rst lens, the 
second lens, and the third lens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The optical characteristics and performances of the 
compound lens system according to the present inven 
tion will be described hereinafter in full detail by exem 
plary preferred embodiments and with references made 
to the accompanying ?gures, wherein 
FIG. 1 is a sketched illustration, showing a scanner 

lens photographing a printed object; 
FIG. 2 shows the arrangement of four lenses in the 

compound lens system according to the present inven 
tion; » 

FIGS. 3A-3C are three graphical representations, 
showing the optical performances of a ?rst preferred 
embodiment according to the present invention; 
FIGS. 4A~4C are three graphical representations, 

showing the optical performances of a second preferred 
embodiment according to the present invention; 
FIGS. 5A-5C are three graphical representations, 

showing the optical performances of a third preferred 
embodiment according to the present invention; 
FIGS. 6A-6C are three graphical representations, 

showing the optical performances of a fourth preferred 
embodiment according to the present invention; and 
FIGS. 7A-7C are three graphical representations, 

showing the optical performances of a ?fth preferred 
embodiment according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring tm FIG. 2, the compound lens system ac 
cording to the present invention comprises four lenses 
arranged in line-up along an optical axis. The spaces 
between the lenses are ?lled up with air which has a 
refractive index of 1.0. 
The ?rst lens 10 is a positive lens with a front convex 

surface 11 and a rear non-concave surface 12 (herein 
and hereinafter the term “front surface” is referred to as 
the surface at which a light ray from an object enters 
into the lens, and the term “rear surface” as the surface 
at which the light ray leaves from the same lens). _The 
non-concave surface 12 can be either a convex surface 
or a plane surface. The ?rst lens 10 has a focal length of 
f1, a thickness of d; along the optical axis, a refractive 
index of n], and an abbe number of v1. The front convex 
surface 11 has a radius of curvature of r1, and the rear 
non-concave surface 12 has a radius of curvature of r;. 
The second lens is a biconcave lens 20 with the rear 

concave surface 22 more curved than the front concave 
surface 21, i.e. the absolute value of the radius of curva 
ture of the rear concave surface is less than that of the 
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front concave surface. The second lens 20 is spaced 
from the ?rst lens 10 along the optical axis with a dis 
tance of d12. The second lens 20 has a focal length of f;, 
a thickness of d; along the optical axis, a refractive 
index of n; and an abbe number of v;. The front concave 
surface 21 has a radius of curvature of r3, and the rear 
concave surface 22 has a radius of curvature of r4. 
The third lens 30 is also a biconcave lens with the rear 

surface 32 more curved than the front surface 31. The 
third lens 30 is spaced from the second lens 20 along the 
optical axis‘ with a distance of (.123. The third lens 30 has 
a focal length of f3, a thickness of d3 along the optical 
axis, a refractive index of n3, and an abbe number of v3. 
The front concave surface 31 has a radius of curvature 
of r5, and the rear concave surface 32 has a radius of 
curvature of r6. 
The fourth lens 40 is a positive lens with a front con 

vex surface 41 and a rear convex surface 42. The fourth 
lens 40 is spaced from the third lens 30 along the optical 
axis with a distance of d34. The fourth lens 40 has a focal 
length of f4, a thickness of d4 along the optical axis, a 
refractive index of n4, and an abbe number of v4. The 
front convex surface 41 has a radius of curvature of r7, 
and the rear convex surface 42 has a radius of curvature 
01 r;;. 
These four lenses 10, 20, 30, 40 are designed with 

some of their optical parameters subject to the follow 
ing four constraints of: 

——2.92<(f123/f4)<—2.lO, 
where f 123 is a combined focal length of the ?rst lens 10, 
the second lens 20, and the third lens 30. 
The above four constraints are empirical results of a 

series of experiments conducted to the pursuit of the 
best image quality. Referring generally to the graphical 
representations shown in FIGS. 3A-3C, the effects of 
the numerical values of the four parameters (r4/r6); 
(r7/f4), (fl/f4), and (flu/f4) to the image quality have 
been experimented and found to be: 

(1) if (r4/r6) < 1.5 then a curve representing the 
degree of astigmatism would veer to the right and 
the degree of coma is increased such that the sharp 
ness of the photographed image is deteriorated; and 
if (1'4/1'6) > 3.0 then the astigmatism curve would 
veer to the left and the image sharpness becomes 
deteriorated. 

(2) if (r7/f4) < 1.45 then the astigmatism curve would 
veer to the left and the degree of spherical aberra 
tion is increased; and if (r7/f4) > 1.92 the astigma 
tism curve would veer to the right. 

(3) if (fl/f4) < 1.05 then the astigmatism curve would 
veer to the left and the degree of spherical aberra 
tion is increased; and if (fl/f4) > 1.65 then the 
astigmatism curve would veer to the right and the 
degree of spherical aberration is increased. 

(4) if (figs/f4) < —2.92 then the astigmatism curve 
would veer to the left; and if (f123/f4) > —2.1 then 
the astigmatism curve would veer to the right and 
the degree of coma would be increased. 
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4 
As experimented, a compound lens system satisfying 

the above restraints will provide a distortion within a 
range from —0.5% to 0.5%. 

Five preferred embodiments according to the present 
invention and their respective optical performances will 
be discussed below. 

FIRST PREFERRED EMBODIMENT 

The design speci?cations of a ?rst preferred embodi 
ment of the compound lens system according to the 
present invention is listed in Table 1 below. 

TABLE 1 
Radius of Lens Lens Refraction Abbe 
Curvature Thickness Spacing Index Number 

I] = 9.2 C1] = 3.07 G12 = 0.1 no = 1.0 V] = 49.3 

r; = cc (1; = 0.8 d2; = 0.4 n1 = 1.743 V; = 28.5 

r; = 68.87 d3 = 1.395 1134 = 0.583 n; = 1.728 v3 = 40.7 

q = 15.24 (‘14 = 2.26 n3 = 1.581 v4 = 42.7 

= -20.96 m = 1.835 

1'6 = 9.5 

r7 = 17.37 

= —17.37 

‘:11 length unit in millimeter (mm) 

From the above data of optical parameters, we have 

(r4/r6)= 1.604, 

(r7/?)=1.62. 

(fl/f4)=1-16, 

and 

(f123/?)= —2'44= 
which are all within the scopes of the constraints. The 
spherical aberration, the astigmatism and the distortion 
of the compound lens system manufactured in accor 
dance with the optical parameters given in the above 
table are respectively shown in FIG. 3A to FIG. 3C. 

SECOND PREFERRED EMBODIMENT 

The design speci?cations of a second preferred em 
bodiment of the compound lens system according to the 
present invention is listed in Table 2 below. 

TABLE 2 
Radius of Lens Lens Refraction Abbe 
Curvature Thickness Spacing Index Number 

1'] = 9.06 d] = 2.59 d]; = 0.13 no = 1.0 v1 = 49.3 

I‘; = 78.405 d2 = 1.32 d2; = 0.4 h] = 1.743 V; = 28.5 

r3 = —96.433 d3 = 1.392 d34 = 0.57 n; = 1.723 v3 = 40.7 

r4 = 16.23 d4 = 1.2 n3 = 1.581 V4 = 42.7 
r5 = —19.21 n4 = 1.835 
r6 = 9.5 

r7 = 17.17 

r3 = -l6.03 

‘all length unit in mi1limeler(mm) 

From the above data of optical parameters, we have 

(r4/r6)= 1.71, 

('7/f4)=1-71, 

(fl/?)=l-34. 

and 

(f123/f4)'= —2-30; 
which are all within the scopes of the constraints. The 
spherical aberration, the astigmatism and the distortion 
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of the compound lens system manufactured in accor 
dance with the optical parameters given in the above 
table are respectively shown in FIG. 4A to FIG. 4C. 

THIRD PREFERRED EMBODIMENT 
The design speci?cations of a third preferred embodi 

ment of the compound lens system according to the 
present invention is listed in Table 3 below. 

TABLE 3 

Lens 
Spacing 
C1]; = 0.154 

d}; = 0.295 
C134 = 0.7 

10 
Radius of 
Curvature 

‘:11 length unit in millimeter (mm) 

Lens 
Thickness 

Abbe 
Number 

V] = 49.3 

V; = 28.5 

v3 = 40.7 

v4 = 42. 

Refraction 
Index 

no = 1.0 

m = 1.743 

n; = 1.728 

n3 = 1.581 

m = 1.835 

15 

20 

From the above data of optical parameters, we have 

(r4/r6)=2.l8, 

(r7/f4)= 1.762, 25 

and 

which are all within the scopes of the constraints. The 
spherical aberration, the astigmatism and the distortion 
of the compound lens system manufactured in accor 
dance with the optical parameters given in the above 
table are respectively shown in FIG. 5A to FIG. 5C. 

FOURTH PREFERRED EMBODIMENT 

The desiqn speci?cations of a fourth preferred em 
bodiment of the compound lens system according to the 
present invention is listed in Table 4 below. 

TABLE 4 
Lens 
Spacing 

35 

Radius of 
Curvature 

‘all length unit in millimeter (mm) - 

Lens 
Thickness 

d1 = 2.96 

d2 = 1.58 

d3 = 

Abbe 
Number 

V; = 49.3 

v; = 28.5 

v3 = 40.7 

v4 = 42.7 

Refraction 
. Index 

no : 1 45 

n1 = 1.743 

n; = 1.728 

n3 = 1.581 

m; = 1.835 

50 

From the above data of optical parameters, we have 

which are all within the scopes of the constraints. The 
spherical aberration, the astigmatism and the distortion 
of the compound lens system manufactured in accor 
dance with the optical parameters given in the above 
table are respectively shown in FIG. 6A to FIG. 6C. 

65 

6 

FIFTH PREFERRED EMBODIMENT 

The design speci?cations of a fifth preferred embodi 
ment of the compound lens system according to the 
present invention is listed in Table 5 below. 

TABLE 5 

Radius of Lens Lens Refraction Abbe 
Curvature Thickness Spacing Index Number 

r1 = 9.26 C11 = 2.87 (112 = 0.2 no = l V] = 49.3 

r; = 47.32 d2 = 1.58 d3 = 0.29 n1 = 1.743 V; = 28.5 

r3 = —109.37 d3 = 0.8 c134 = 0.74 n; = 1.728 v3 = 40.7 

r4 = 18.97 (14 = 1.73 n3 = 1.581 v4 = 42.7 

= —22.02 n; = 1.835 

r6 = 9.19 

r7 = 16 

r3 = -l7.373 

an length unit in millimeter (mm) 

From the above data of optical parameters, we have 

('4/rs)=2-06. 

('7/?t)=1-58. 

(f1/,m=i.475, 

and 

(flu/f4): —2~4l 
which are all within the scopes of the constraints. The 
spherical aberration, the astigmatism and the distortion 
of the compound lens system manufactured in accor 
dance with the optical parameters given in the above ‘ 
table are respectively shown in FIG. 7A to FIG. 7C. 
From the optical performances of the foregoing pre 

ferred embodiments, the compound lens system accord 
ing to the present invention does provide good image 
quality at the edges of the photographed image. There 
fore, the photographed image is sharp enough to be 
converted into a digital image with resolution of 400 
DPI. 
The compound lens system in accordance with the 

present invention is capable of photographing a width 
of 128 mm (5.04 in) of a printed object, which is wider 
than that of conventional scanner lenses. This width of 
128 mm corresponds to a viewing angle of 28° for the 
compound lens system according to the present inven 
tion. Compared with the scanning width of 105 mm, 
which corresponds to a viewing angle of 25", the com 
pound lens system according to the present invention 
offers a scanning width which is 18% larger. The pho 
tographed image quality of the compound lens accord 
ing to the present invention is good enough to be used 
in a scanner system capable of producing a digital image 
with a resolution of 400 DPI. 

Despite the wider scanning width, the compound lens 
system according to the present invention, nonetheless, 
is small in size to be incorporated into a compact handy 
scanner which can easily be hand held by a user. 
A further advantage of the compound lens system 

according to the present invention is that the tolerances 
of the four lenses 10, 20, 30, 40 are large so that the 
manufacture of the compound lens system according to 
the present invention requires less precision. This facili 
tates the manufacture of the compound lens system and 
therefore the cost is low. ' 

While the present invention has been described by 
way of exemplary preferred embodiments, it is under 
stood that various modi?cations to the above preferred 
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embodiments are possible to those who are skilled in the 
art of lens design. Therefore, the above mentioned 
lenses are intended to be illustrative rather than restrict 
ing the scope of the present invention. 
What is claimed is: 
1. A compound lens system for photographing an 

object, said compound lens system comprising: 
a ?rst lens having a front convex surface and a rear 

non-concave surface, said ?rst lens being disposed 
such that a light ray from the object will enter 
thereinto at said front convex surface and leave 
therefrom at said rear concave surface, said ?rst 
lens having a ‘focal length of f1, a thickness of d1, a 
refractive index of m, and an abbe number of v1, 
said front convex surface having a radius of curva 
ture of r1, said rear non-concave surface having a 
radius of curvature of 17; 

a second lens having a front concave surface and a 
' rear concave surface, said second lens being dis 

posed such that the light ray leaving from said ?rst 
lens will subsequently enter thereinto at said front 
concave surface and leaves therefrom at rear con 
cave surface, said second lens being spaced from 
said ?rst lens along the an optical axis with a dis 
tance of (112, said second lens having a focal length 
of f2, a thickness of d;, a refractive index of n; and 
an abbe number of v2, said front concave surface 
having a radius of curvature of t3, and said rear 
concave surface having a radius of curvature of t4, 
the absolute value of r3 being larger than that of r4; 

a third lens having a front concave surface and a rear 
concave surface, said third lens being disposed 
such that the light ray leaving from said second 
lens will subsequently enter thereinto at said front 
concave surface and leaves therefrom at rear con 
cave surface, said third lens being spaced from said 
second lens along the optical axis with a distance of 
d23, said third lens having a focal length of f3, a 
thickness of d3, a refractive index of n 3, and an abbe 
number of v3, said front concave surface having a 
radius of curvature of r5, and said rear concave 
surface having a radius of curvature of r6, the abso 
lute value of r5 being larger than that of r6; and 

a fourth lens having a convex front surface and a rear 
convex surface, said fourth lens being disposed 
such that the light ray leaving from said third lens 
will subsequently enter thereinto at said front con 
vex surface and leaves therefrom at said rear con 
vex surface, said fourth lens being spaced from said 
third lens along the optical axis with a distance of 
d34, said fourth lens having a focal length of f4, a 
thickness of d4, a refractive index of n4 and an abbe 
number of v4, said front convex surface having a 
radius of curvature of r7, and said rear convex 
surface having a radius of curvature of rg; 

wherein said ?rst lens, said second lens, said third 
lens, and said fourth lens satisfying the following 
conditions of : 

and 
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-2.92 <(fm/f4)< —2.10, 
where f 123 is a combined focal length of said ?rst lens, 
said second lens, and said third lens. 

2. A compound lens system as claimed in claim 1, 
further comprising a medium having a refractive index 
no, which ?lls up all the empty spaces between said ?rst 
lens and said fourth lens. 

3. The compound lens system as claimed in claim 2, 
wherein 

r1 - 9.2, r; = ac, r3 = —68.87, r4 = 15.24, 

r5 = —20.96, :6 = 9. , r7 = 17.37, = —l7.37; 

d1 = 3.07, (12 = 0.8, d3 = 1.395, d4 = 2.26; 
d1; = 0.1, 1123 = 0.4, C134 = 0.583; 
no = 1; 

n; = 1.743, n; — 1.728, n3 = 1.581, 114 = 1.835; 

v] = 49.3, v; - 285, v3 = 40.7, v4 = 42.7; 

all length units being in millimeter (mm). 
4. The compound lens system as claimed in claim 2, 

wherein 

n = 9.06, r; = 78.405, r3 = —96.433, r4 = 16.23, 
r5 = —l9.2l, r6 = 9.5, r7 = 17.17, = —16.03; 

d1 = 2.59, d; = 1.32, d3 = 1.392, (14 = 1.2; 
d}; = 0.13, (123 = 0.4, d34 = 0.57; 
no = 1; 

n; = 1.743, n1 = 1.728, n3 = 1.581, n4 = 1.835; 
V] = 49.3, V2 = 28.5, v; = 40.7, V4 = 42.7; 

all length units being in millimeter (mm). 
5. The compound lens system as claimed in claim 2, 

wherein 

1'] = 9.18, 1'2 = 5078, r3 = —ll6.68, t4 = 20.26, 
r5 - —21.6l, r6 = 9.26, - r7 = 19, = —l6.6; 

d1 = 2.97, d2 = 1.723, (13 = 0.8, d4 = 1.464; 
d]; = 0.154, (123 = 0.295, (134 = 0.7; 
110 = 1. 

n; = 1.743, n; = 1.728, n3 = 1.581, n4 = 1.835; 
V] = 49.3, V2 = 28.5, V3 = 40.7, V4 = 42.7; 

all length units being in millimeter (mm). 
6. The compound lens system as claimed in claim 2, 

wherein 

r1 = 9.28, r; = 31.22 r3 = -—1433.45, r4 = 26.23, 

r5 = —l8.68, r6 = 9.41, r7 = 20, = —15.97; 

(11 = 2.96, d2 = 1.53, (13 = 0.8, d4 =,1.73; 
d1; = 0.2, C113 = 0.29, (134 = 0.74; 
110 = 1; 

n1 = 1.743, n; = 1.728, mg = 1.581, m = 1.835; 
V] = 49.3, v; = 28.5, v3 = 4-07, v4 = 42.7; 

all length units being in millimeter (mm). 
7. The compound lens system as claimed in claim 2, 

wherein 

r1 = 9.26, r2 = 47.32, r3 = —109.37, r4 = 18.97, 

r5 = —22.02, r6 = 9.19, r7 = 16, r3 = -17.373; 
d1 = 2.87, d2 = 1.58, d3 = 0.8, d4 = 1.73; 
d}; = 0.2, (113 = 0.29, (134 = 0.74; 
no = 1; 

in = 1.743, n; = 1.728, n3 = 1.581, 114 = 1.835; 
V] = 49.3, v; = 28.5, v; = 40.7, v4 = 42.7; 

all length units being in millimeter (mm). 
0 t i i it 


